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Many patients with circulatory failure either
from hemorrhage or heart failure have anemia.
In these patients, the cardiac output may be within
normal limits and yet the circulation may be in-
adequate. - The question immediately arises as to
what is the effect of anemia on the requirements
of the tissues of the body for blood. Before it can
be determined whether a given patient with ane-
mia has an adequate circulation, it is necessary
to know how anemia per se affects the cardio-
vascular system and what level of cardiac output
should be expected for a given hemoglobin con-
centration. Studies on the circulation were,
therefore, carried out on patients with chronic
anemia in whom the picture was not complicated
by shock and by the marked decrease in total
blood volume which are so often present in the
acute anemia produced by hemorrhage.

METHODS

The cardiac output was measured by the utilization
of the direct Fick principle. Samples of mixed venous
blood from the right atrium and measurements of atrial
pressure were obtained from an inlying atrial catheter,
introduced into the venous system through the ante-
cubital vein (1, 2). The oxygen consumption was de-
termined by the analysis of a 2-minute sample of expired
air, using the method of Haldane. The metabolic rate
was recorded as the percentage of deviation from the
expected basal metabolism. The oxygen content of the
blood was measured by the method of Van Slyke and
Neill (3). A point 5 cm. below the 4th right costo-
chondral junction was used as the reference point in
reading the atrial pressure. The arterial pressure in
the femoral artery was recorded optically by the method
of Hamilton (4). The mean arterial pressure was meas-
ured by planimetric integration of the area beneath the
tracing. The peripheral resistance was calculated by

1 The work described in this paper was done under a
contract, recommended by the Committee on Medical
Research, between the Office of Scientific Research and
‘Development and Emory University School of Medicine.

the formula (2):

R = Pm (mean pressure in mm. Hg) X 1332
C.0O. (cardiac output in ml. per sec.)

The ventilation was calculated as liters of air ventilated
per min. per sq. meter at 37° C. and the prevailing
barometric pressure (5). The hemoglobin concentration
was measured with a photoelectric colorimeter. Heparin
was used as the anti-coagulant to determine the hemato-
crit reading.

RESULTS

Twenty-four sets of observations were made on
18 anemic subjects (Table I). When the hemo-
globin concentration was below 7 grams per 100
ml. and the hematocrit reading was below 20, the
cardiac output in the resting basal state was usu-
ally increased. In the 9 experiments in which
the hematocrit reading was below 14 and the
hemoglobin below 5 grams, the average cardiac
index was 6.5. In the 5 patients with hemo-
globin concentration between 5 and 7 grams per
100 ml., the cardiac index averaged 4.7; in the
5 between 7 and 9 grams, it averaged 4; and in
the 5 patients between 9 and 13 grams, it aver-
aged 3.1.

At the bottom of Table I are given the average
values for the various aspects of the circulation
in patients with severe anemia (hemoglobin below
7 grams), in patients with moderate anemia
(hemoglobin over 7 grams), and in a group of
normal young male subjects. The cardiac output,
the arteriovenous oxygen difference, and the atrial
pressure readings were not significantly altered by
moderate chronic anemia. The values for oxygen
consumption, metabolic rate, ventilation, femoral
arterial pressure, and pulse rate tended to be
slightly higher in the moderately anemic than in
the normal control group. This is probably not
the result of moderate anemia, but of different
criteria used in selecting the persons composing
the two groups. The moderately anemic subjects
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were a heterogeneous group of patients of vary-
ing ages in whom minor degrees of vascular dis-
ease may have been present and in whom it was
impossible to eliminate a certain amount of ap-
prehension connected with the experiment. For
these reasons, the moderately anemic group is a
better control series to determine the effects of
anemia on certain aspects of the circulation than
is the group of carefully selected normal males.
In the severely anemic patients, the diastolic and
mean arterial pressures and the peripheral resist-
ance were lower than in the moderately anemic
subjects. There was no significant difference in
the atrial pressure readings in the two groups.

To be certain that the differences observed
between the patients with moderate and severe
anemia were actually caused by anemia and were
not the result of anxiety or of chance selection
of patients who normally had a hyperactive cir-
culation, observations were made on 4 very ane-
mic subjects before and after the hemoglobin level
had been doubled by transfusions or by the ad-
ministration of liver extract. The pulse rate
always fell, the systolic and diastolic arterial pres-
sures rose, the atrial pressure either remained
unchanged or increased, and there was a dramatic
increase in peripheral resistance. The arterio-
venous oxygen difference always increased and
the cardiac output decreased. These studies con-
firm the trends observed in comparing the circu-
lation of normal subjects with the circulation of
anemic patients.

DISCUSSION

When the hemoglobin concentration falls be-
low 7 grams per 100 ml., requirements of the
body for blood are increased (Figure 1). At
low levels of hemoglobin, one observes that circu-
latory insufficiency develops while the cardiac out-
put is still markedly above that found in normal
subjects under similar conditions. For this rea-
son, the finding of a normal cardiac output does
not necessarily mean that a given patient is not
in shock. The output must be evaluated in terms
of the requirements of the body for blood. An
analogous situation is found in certain patients
with congestive heart failure and anemia. Con-
gestive failure may occur while the heart is pump-
ing more than the usual amount of blood. A
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cardiac output which is sufficient for a normal
resting subject is insufficient for the anemic sub-
ject at rest and signs of congestive failure develop.

The heart rate tended to be elevated in anemia,
but there was no obvious relationship between
the pulse rate and the cardiac output in the series
as a whole. In the 4 patients who were studied
before and after increasing the hemoglobin level,
both a fall in heart rate and cardiac output
occurred.

There was no correlation between the atrial
pressure and the cardiac output in these patients.
In spite of the marked increase in cardiac output,
there was no significant rise in atrial pressure.
In 2 of the subjects who were studied before and
after therapy for the anemia, the atrial pressure
tended to rise as the volume of red cells increased
and the cardiac output decreased. These data
are in accord with our observations on moderate
blood loss in which it was demonstrated that,
within a certain range, the atrial pressure could
be varied without changing the cardiac output
(6). It was also found that anxiety caused a
marked increase in cardiac output without an
accompanying rise in atrial pressure (7).

The data reported here are in accord with other
observations recorded in the literature. In a
study of the effects of bleeding on the cardiac out-
put in dogs, two workers (8) noted that indi-
vidual dogs reacted to comparable degrees of
anemia with considerable difference in the degree
of increase in cardiac output. They state that in
many animals a hemoglobin level of 60 to 70 per
cent did not cause a rise in output, but that in
others, with much milder anemia, the cardiac out-
put was increased. They suggest that the more
rapidly a given degree of anemia is produced the
more is the output of the heart increased.

There has been no uniform agreement as to the
level to which the hemoglobin concentration falls
before the cardiac output is definitely increased.
One author (9) noted no increase in cardiac out-
put until the hemoglobin fell to around 30 per
cent. Another (10) found a hyperactive circu-
lation when the hemoglobin was below 50 per
cent. Still others (11) believed that a consider-
ably less degree of anemia caused a measurable
rise in cardiac output. In our patients, there was
consistent increase in cardiac output when the



E. S. BRANNON, A. J. MERRILL, J. V. WARREN, AND E. A. STEAD, JR.

334

0911 | 1€ 89 S8 L9 | %23 e (34 L - 871 | ¥'¢ $393(qNs [BULIOU UO SIBEIDAY .
£0£1 | 9¢ 6L 06 L | 1e1 L'é 9°¢ 8¢ s + €€T | TP *Jut 00T Jod suress ¢°¢f 03 0 UWIGO[Bowdy YIm S1udled Uo sABERAY
91L £ 88 6L LS | 12t 9V L's 9°T €1+ | W1 | TV swes ; Mo[eq ujqo[Bowdy YIiA sudied uo sIBBRAY
9411 | Of 09 16 oL | ¥¢1 o€l | 6€ | 9 rejrinjev| 9+ ¥l | S°¢ 0T |TLS| N ¥ BjuIdUe Arep S| ‘H'd
o €9 | 101 | 8L | 8¥1 80T | ST {6€ | 1'S |18 |T€Y| 9+ | 821 | €9 sSyjTes| A4 | W TJuRUE ATBPUORS | ‘J'0
09T | S¢ | 9L | 6IV | 66 | SSY | LT | TII| TE | V9 | TH | €8 |STL| 6 — e | €F 0T |CI8| W | 61 eJuue A1epuods | ‘d'H
8481 | O 0071 | SL S9 | 00T | S9E | L'OT | OF | 6'€ gy |68 |L€1| SI+ £¥1 | 6'€ T | 0TV | I 6T sjuaue A18puodds | ‘H'Y
0SST | S€ | SL 16 89 | ¥€1 66 | OC |L¥Y | 8€ | €6 |TEI| 6 — | 801 | S€ 95’1 |06S| H | SV BJWUE ATBPUORNS | ‘g
066 ST | ¥ | 0L 9 | oT1 88 | 9€ [ LS | 6T |06 |6TT| LI— S01 | ¥'E 65y | LI¥| A | 68 BWAUE AIBPUONS | *M"
o1%l | O | 88 TIL | 98 | 9SY | TLT | S'L Se|€9 | LEI¥S | V6 | Sl IST | TP T | LTL| W Lg V[WAUE AIBPUORIS | ‘°
9ZL 89 | 69 oS | Zo1 [O'IZ | 68 S |9L | og TS | T8 Lzt | est | 8¢ sVT| 16| d | 6F BJURUE SNOPIUR] | g
o1s 14 6L 8 | 09 | ¥ET ¥9 oL |VEL| VT | LY |89 oz+ 6S1 | TV LTI 06S| W s€ EJuIdue [[0 3PS | “A°
4y 89 €8 09 | O11 | O'IZ | £9 L'e | 88 e | LV | 8L 9 - SIT | T°¢ 91| €09| g | OF B[uAUe A1epuod’s | ‘H'Y
0z9 |08 | ¥6 | L9 8% | 0Z1 | 9°01 | % €9 |98 | 8T | S | €9 s¥+ | SL1 r|res| 4| 1w BIWRUE SNOPUIR | V'
0091 | SOY | SS | L6 1L | ¥ST | TOCT|69 | 6T | LV | 9% |9F |T6 9+ | sE1 | O¥% xR
‘W 0007 1d3ye Aep BuImO[IOq j
[15.4 sS ¥6 £9 W | ¥I1 | 8L gL lver| ve |0 | T £T+ LST | LY onuo) 1 79’1 | €09 | W oS eunpue gedy | O
018 s 8 18 8s | 921 | T¥L | I'S 8y |08 9z |6¢ | S9 vy - ¥Z1 | O'F 1978 SYPA T
ovL S€ | SL S6 89 | 8€1 Sy | T9 | €01 | ¥T | ¥E | 8S yi+ | 8¥1 | OF 99T |L9S] A | LT BJURUE [[D IPIS | "M
oz 01 |S€ | L'E |69 | ¥E|TE |S9 01— SZ1 | S°¢ T899 | N 1z B[WIUB Arepuodds | ‘MN'q
088 SOT | 00T | T4 6S | 90T | ¥°9T | 9'8 6t | V9 9¢ (s |vIT| €1+ Zvl | ' | PooIq 3[oya "[w 0007 YT A
oSy Sy | SIT | €L €S | ¥6 |¥VEL|€¥ | 6L |O€ET| 8T | S'E | €S ¥i+ | ev1 | OF [013u0) | ¥9°1 | ¥¥S | J | €T $90] poojq
03 Arepuodes Bqupuy | ‘LM
ot |59 |vor vz | ev | s01|cor|ee | 8 |em]| ez vz |vw | ss+ | o1 | 6 svi|oor| a | ze |  wunmesnopmung | gl
0921 | §¢ |59 | oor | o8 | €51 |w6z|zs | 0% |90 | € |89 [eor| 81+ |z | I's | 4demm may exsom £ Y
009 ¥ |12 | ov |s11|o8 | | rs|se | sz oz |s¥ | 614+ | ov1 | o wnuo) t ooy | ess| W | 19 | eusus snopmng | @ m
ov |oc |6 |2z | os [sur|wun|ve | ¥ |96 | vz |ve [&s | 1— |oer | ov soye) sqauom ¢ | 82°1 | £09
898 |0L-S9| ¥6 88 oL | ¥€1 | S'%1 | ¥'S £y | 6L 6T |[9F% |SL £ - Lzr | 0§ "0’y W 0SL PV ) .
05y oL | STR | 4L 79 1911 |9°S [¥Z | %L |9€T| OCT |9 |9°¢ €1+ | 8¥%1 | T9 [onuo) [ ¥8°T [ 8°'S9 | W | €F ejuaue dnsedy £y
. s 4 DS . .
spun s T | Ds| , o | % Ds
™ OH | w4 I ww w«e%.. Kol oy| e 40 sountos Toq | o ‘s +Bs| ‘wdy 54096
90 s199q iy ﬂm P’
) ¢ |az| = > | < o < @ ) )
TV F|F 92|88 8 8 %8| 8|00 8 E|FIF| £ :
Sl T |E|B|TE|8|F || 8|t BRy 2Rk Ak g 1
8 s o g | 5 ] &la Jwwum) 8 @
&| B =% & ﬂ.u 8 8
RIE 8 _.—a
asnssexd poolg Ju23u0d WIBAXO

DIUIUD IVUOLYI Y10 SIUINDG JT U3 UOKDINILI Y] 14O SUODALISI0

1 374VL



CARDIAC OUTPUT IN PATIENTS WITH CHRONIC ANEMIA

335

8 . CARDIAC
. INDEX
7 * LITERS PER
MIN. PER
SQ. METER
6 -
5 ) .
4 | . .
3 . . el
2 ) .
/
4 6 & 0 /2 M4 I 18 20 22

ARTERIAL OXYGEN CONTENT  vorumes per cent

F1c. 1. ReLATioNsHIP BETWEEN THE CARDIAC INDEX AND THE
OxYGEN CONTENT OF THE ARTERIAL BLooD

hemoglobin concentration was less than 7 grams
per cent. This corresponds to a hemoglobin of
around 50 per cent.

SUMMARY

1. Twenty-four sets of data were obtained on
18 anemic subjects. Atrial pressure readings and
samples of mixed venous blood for determination
of the cardiac output were obtained through a
catheter introduced into the right atrium. The
femoral arterial pressure was recorded optically
by the method of Hamilton.

2. No consistent change in the circulation was
observed when the hemoglobin level was above
7 grams per 100 ml. Below that level, the cardiac
output at rest was increased, the arteriovenous
oxygen difference and the peripheral resistance
were decreased. The atrial pressure was not
changed.

3. In 4 patients, observations were made before
and after the hemoglobin had been doubled by
transfusion or by the administration of liver ex-
tract. In each patient, the pulse rate fell, the
diastolic and mean arterial pressures and periph-
eral resistance rose, and the cardiac output
decreased.

4. When the hemoglobin level falls below 7
grams per 100 ml., the requirements of the body
for blood are increased. This explains why ane-
mic subjects may have circulatory insufficiency
manifested by either shock or heart failure, while
the heart is pumping as much or more blood as
would be required by a normal subject under
similar conditions.

This work was done with the technical assistance of
Miss Maurine Giese, Miss Eloise Cavin, Mrs. Janet
Stegeman, and Mrs. Jane Bailey.
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